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Abstract. Millions of goods and services are now unavailable in many countries due to
the current coronavirus pandemic, dramatically impacting on the construction of key
economic statistics used for informing policy. This situation is unprecedented; hence,
methods to address it have not previously been developed. Current advice to national
statistical offices from the International Monetary Fund, Eurostat and the United
Nations is shown to result in downward bias in the consumer price index (CPI) and
upward bias in real consumption. We conclude that, to produce a meaningful CPI
within the lockdown period, it is necessary to establish a continuous consumer expendi-
ture survey.

Résumé. Mesure de la consommation réelle et des biais par défaut de l’indice des prix à
la consommation en période de confinement. En raison de la pandémie actuelle de
COVID-19, des millions de biens et de services sont présentement indisponibles dans de
nombreux pays, entravant significativement l’élaboration de statistiques économiques
clés visant à éclairer les politiques. Cette situation est sans précédent, et aucune
méthode n’a encore été développée pour y remédier. Les avis dispensés aux organismes
nationaux de statistiques par le Fonds monétaire international, Eurostat et les Nations
Unies se traduisent par des biais systématiques par défaut quant à l’indice des prix à la
consommation (IPC), et par des biais par excès quant à la consommation réelle. Notre
conclusion est que pour produire un IPC significatif lors d’un confinement, il est néces-
saire de procéder à une enquête continue sur les dépenses de consommation.
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The CPI is a critical input to economic policy making, particularly during
periods of economic uncertainty.

— International Monetary Fund (2020)

1. Introduction

The coronavirus pandemic has led to widespread lockdowns of non-essential
retail outlets and many service industries such as regular restaurant services,
tourism activities, sporting events, gyms, international air travel and most
types of personal services.1 There are significant consequences of the sudden
unavailability of many consumer goods and services for the measurement of
inflation and real consumption.

A lockdown of economic activity means that there is a massive disappear-
ing products problem. Countries base the construction of their consumer price
index (CPI), the main index of inflation, on a fixed basket of goods that people
typically buy. But with lockdowns, the fixed basket becomes almost totally
irrelevant as many of those typical items are no longer available; see Cavallo
(2020), Carvalho et al. (2021) and Dunn et al. (2020) for evidence of dramati-
cally changing consumer expenditure patterns arising from the pandemic. If
consumer prices cannot be measured accurately, then real consumption can-
not be measured accurately either. Policy-makers and the public will eventu-
ally lose confidence in such indexes. This creates a crisis for policy and
business decisions that rely heavily on these statistics.

Advice to national statistical offices (NSOs) from the International Mone-
tary Fund, Eurostat and the United Nations for dealing with this problem is
to simply implement a carry-forward methodology. That is, the price for a
commodity for the period prior to the lockdown is used (with some adjustment
for inflation) when an item is missing; see International Monetary Fund
(2020), Eurostat (2020), UNECE (2020) and the summary in online technical
appendix A. With the missing prices restored, index number construction can
continue as before with the fixed consumption basket. We show that following
this advice leads to a downward bias in estimating changes in the cost of living
and an upward bias in estimating changes in real consumption.

With a lockdown, we have the opposite of the new products problem: a pro-
duct is available for purchase in the current period but was not available in
the previous period. We take the reservation price approach for the treatment
of new products, which was developed by Hicks (1940, p. 114) and adapt it to
cover the case of disappearing products following Hofsten (1952, pp. 95–97).2
Reservation prices are those that correspond to zero demand for the products.

1 The term “lockdown” is used to indicate a spectrum of restrictions that have
different effects on the availability of products and the associated impacts on
consumer behaviour.

2 For related materials on modeling new and disappearing goods bias, see Hausman
(1996, 1999, 2003), de Haan and Krsinich (2012, 2014) and Diewert et al. (2017).
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The unavailability of goods and services under a lockdown will lead to a sub-
stantial drop in welfare.3 Using the economic approach to index number
theory in order to measure these declines in welfare, it is likely that the reser-
vation prices for unavailable products will have to be much greater than the
corresponding prices in the previous period. This approach allows us to iden-
tify biases from the methods currently being recommended by international
agencies.

Our conclusions for constructing the most informative prices indexes in
this context can be summarized as follows:

1. In the short run, collect whatever prices are available and supplement
these from scanner data and web scraped prices to make up for missing
prices due to changes in price collection methodology.4 For prices that are
still missing, use inflation adjusted carry forward prices, consistent with
current advice from the international agencies.

2. At the same time, put in motion some method for getting current expen-
diture weights for the consumption basket. This would require either a
continuous consumer expenditure survey or the use of new sources of
data. These new sources could include credit card companies and compa-
nies that produce household expenditure data from households scanning
barcodes of purchased items (“Homescan” data).

3. Once the new consumer expenditure information becomes available,
produce a new analytic CPI. This would be revisable while the new
methodology was developed further. It would supplement the existing
CPI, which would likely be heavily compromised due to the treatment of
missing prices and use of out-of-date expenditure weights.

For what follows, it is important to explain why the Fisher price index is
preferred to the Laspeyres or Paasche price indexes. The Laspeyres price index
prices out the basket of goods and services that is consumed in the base period
at base period prices and at current period prices. The Laspeyres price index
PL is the ratio of these two costs using the prices of the current period in the

3 A referee notes the following: “Experiences of countries like Venezuela show
that the reduction in availability of products is not limited to just pandemics,
and there are potentially large welfare implications to products disappearing.
When there are regulatory or political barriers to product availability, this
reduces real consumption by a greater amount than would be indicated by a
standard price indexes. Applying reservation price arguments suggests that the
real decline in consumption may be greatly understated if standard price index
measures are applied.”

4 Some NSOs already make extensive use of scanner data from retail chains and
are relatively well placed in this regard; see, e.g., Australian Bureau of
Statistics (2017). Problems remain, however, for broader categories of goods
and services.
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numerator and the prices of the base period in the denominator. The Paasche
price index prices out the basket of goods and services that is consumed in the
current period at base period prices and at current period prices. The Paasche
price index, PP, is the ratio of these two costs using the prices of the current
period in the numerator and the prices of the base period in the denominator.
Both indexes are equally plausible and intuitively easy to understand. But the
Laspeyres index will tend to show a greater increase in prices than the corre-
sponding Paasche index.

Good statistical practice suggests that when one has two equally plausible
measures of the same phenomenon, it is better to take an average of the two
measures to give a single measure of the phenomenon. The geometric average
of the Laspeyres and Paasche price indexes is a useful average of PL and PP

that is equal to the Fisher price index. The Fisher index satisfies the important
time reversal test (and many other tests) so that inflation measured going for-
ward is the reciprocal of inflation going backwards. The good test performance
of the Fisher index explains why taking the geometric average of PL and PP is
preferred rather than taking some other form of average of PL and PP.

5 Thus,
the paper will focus on how to measure lockdown bias, which we define to be
the difference between a Laspeyres or Lowe (or fixed basket) CPI and the
Fisher price index.

As a general longer-term goal, statistical agencies need to move away from
a fixed basket Lowe index and attempt to produce approximations to
Laspeyres and Paasche indexes and hence Fisher indexes. This will allow con-
sumer price inflation to be measured by an index that is relevant to current
consumer expenditure patterns.

The paper is organized as follows. In section 2, we study how the sudden
unavailability of many goods and services affects the measurement of real con-
sumption, that is, quantity indexes for household consumption. It may seem
odd that in a paper focused mainly on potential bias in a CPI that we first
look at the problems associated with the measurement of real consumption
(and by extension, with the measurement of real GDP). However, construc-
tion of a consumer price index goes hand in hand with the construction of a
corresponding measure of real consumption. In the end, economists and gov-
ernments are concerned with the welfare implications of the pandemic on real
consumption. It proves to be convenient to look at the problems associated
with the measurement of real consumption during lockdown conditions before
we look at the associated CPI measurement problems. In sections 3 and 4, our
focus shifts to consumer price indexes. Section 3 looks at comparisons between
the Laspeyres, Paasche and Fisher price indexes under pandemic conditions,
while section 4 examines the properties of a fixed basket or Lowe price index,
which is used in construction of the CPI in many countries. Section 5
concludes.

5 See Diewert (1992) for a listing of the tests that the Fisher price index satisfies.
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Three online appendices accompany this article. Appendix A provides a
survey of the methods suggested by various statistical agencies. Appendix B
specializes the algebra explained for the many commodity case in the main
text to the case of only two commodities. The advantage of this simplification
is that the various concepts can be illustrated in a simple diagram.
Appendix C provides some theoretical guidance on how to construct general-
ized reservation prices when some market consumer goods and services are
provided by the government or businesses to the household at zero cost (or at
a highly subsidized prices) as responses to the pandemic. For example, how
should a temporary rent holiday be treated in a CPI? The reservation price
for the household in this situation is equal to its willingness to pay for this
good or service and the Appendix indicates how in theory this price could be
estimated using econometric techniques.

2. Measuring real consumption when transitioning to a
lockdown economy

Suppose that the period prior to the lockdown is period 0 and the first lock-
down period is the subsequent period, 1. The period of time could be a month
or a quarter. We initially assume that data on prices and quantities that are
in scope for the CPI are available to the statistical agency. We divide the CPI
goods and services into two groups: Group 1 prices and quantities are avail-
able in periods 0 and 1 and Group 2 prices and quantities are available only in
period 0.6 Denote the period t price and quantity vectors for Group 1 products
by pt ≡ [p1

t, ..., pM
t] >> 0M and qt ≡ [q1

t, ..., qM
t] >> 0M for t = 0,1.7 The

Group 2 price and quantity vectors for period 0 are P0 ≡ [P1
0, ..., PN

0] >> 0N
and Q0 ≡ [Q1

0, ..., QN
0] >> 0N. We take the Group 2 quantity vector for per-

iod 1 to be a vector of zero components, i.e., we assume that

Q1 ≡ 0N: (1)

It is not clear how to define the period 1 price vector P1 for the products
that are not available in period 1. In these notes, we will apply the economic
approach to index number theory and assume that the appropriate definition
for the missing prices are the relevant Hicksian reservation prices, i.e.,
P1* ≡ [P1

1*, ..., PN
1*] >> 0N, where Pn

1* > 0 is the price for commodity n

6 The methodology to be developed can be applied to a subset of the CPI, i.e., to
an elementary category. However, the category has to be broad enough so that
it contains some continuing commodities or products and some commodities
that have disappeared due to the lockdown. The algebra that follows assumes
that information on (unit value) prices and the corresponding quantities are
available for the commodities in scope during period 0.

7 Notation: pt >> 0M ( 0M) means that all components of the M dimensional
vector pt are positive (nonnegative). The inner product of the vectors pt and qt

is defined as pt � qt ≡∑M
m¼1p

t
mq

t
m.
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that will cause the corresponding period 1 consumer demand Qn
1 to equal 0

for that commodity for n = 1, ..., N.
In most cases, it is safe to assume that the reservation price for product n

in period 1, Pn
1*, will be considerably larger than the actual price for product

n in period 0, Pn
0, i.e., it is reasonable to assume that8

P1*≫P0: (2)

It is important to understand why the reservation price for a product that
is suddenly unavailable is likely to be greater than the prevailing price in the
prior period when it was available. In the most extreme form of lockdown,
individuals are confined to their houses or apartments. If they live in a small
apartment, the resulting confinement is very similar to being in prison. Indi-
viduals are typically willing to pay large sums of money to avoid going to
prison (think of high lawyer fees). Going to jail or being subject to a strict
lockdown decreases welfare to a very substantial degree. A way of measuring
the decrease in welfare is to use the reservation price concept. In order to get a
substantial drop in welfare due to a lockdown, the reservation prices for
unavailable goods and services will have to be much greater than the corre-
sponding prices in the previous period.

Before we look at the implications of our assumptions for the construction
of a consumer price index going from period 0 to 1, we look at the implications
for the measurement of real consumption. The “true” overall Laspeyres quan-
tity index, QL, is defined as follows:9

QL ≡ ½p0 � q1 þ P0 �Q1�=½p0 � q0 þ P0 �Q0�
¼ p0 � q1=½p0 � q0 þ P0 �Q0� using assumption 1ð Þ
¼ ½p0 � q1=p0 � q0�fp0 � q0=½p0 � q0 þ P0 �Q0�g
¼ QLqs

0
q ,

(3)

where the Laspeyres quantity index for always present commodities, QLq, is
defined as

QLq ≡ p0 � q1=p0 � q0: (4)

The period 0 expenditure share of always present commodities is sq
0,

defined as

8 In technical appendix B, we assume M = 1 and N = 1. Using the economic
approach to index number theory, it is possible to show that it must be the case
that P1*≥ (p1/p0)P0, where p0 and P0 are the observed period 0 prices for the two
commodities, p1 is the period 1 price for the continuing commodity and P1* is the
period 1 reservation price vector for the unavailable commodity. P1* will equal
(p1/p0)P0 only if the two commodities are perfect substitutes. Note that (p1/p0)P0

is the inflation adjusted carry forward price vector for the unavailable commodity.
See technical appendix C for information on how to define reservation prices.

9 Note that the reservation prices P1* do not enter the definition for QL.
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s 0
q ≡ p0 � q0=½p0 � q0 þ P0 �Q0�: (5)

Thus, overall Laspeyres real consumption growth, QL, is equal to
Laspeyres consumption growth of always available commodities QLq times the
share of always available commodities in period 0, sq

0. Note that QL, QLq and
sq

0 depend on observable data and, in principle, can be constructed by the sta-
tistical agency. This is not the case for the Paasche quantity index.

The “true” overall Paasche quantity index, QP*, is defined as follows:10

QP∗ ≡ ½p1 � q1 þ P1∗ �Q1�=½p1 � q0 þ P1∗ �Q0�
¼ p1 � q1=½p1 � q0 þ P1∗ �Q0� using assumption 1ð Þ
¼ ½p1 � q1=p0 � q0�p0 � q0=½ðp1 � q0=p0 � q0Þp0 � q0 þ ðP1∗ �Q0=P0 �Q0ÞP0 �Q0�
¼ ½p1 � q1=p0 � q0�s 0

q =PLqs 0
q þ PLQ*s 0

Q �
¼ PLqQPqsq

0= PLqsq0 þ PLQ*sQ0
� �

given p1 � q1=p0 � q0 ¼ PLqQPq

¼ QPqsq
0PLq= PLqsq0 þ PLQ*sQ0

� �
,

(6)

where the Paasche quantity index for always available commodities, QPq, is
defined as

QPq ≡ p1 � q1=p1 � q0: (7)

The Laspeyres price indexes for the always available and unavailable com-
modities, PLq and PLQ*, respectively, are defined as follows:

PLq ≡ p1 � q0=p0 � q0, (8)

PLQ* ≡ P1∗ �Q0=P0 �Q0: (9)

The period 0 expenditure shares of the available and unavailable commodi-
ties are sq

0 and sQ
0, defined as

sq0 ≡ p0 � q0=½p0 � q0 þ P0 �Q0�, (10)

10 Note that the reservation prices P1* do enter the definition for QP: the bigger is
the gap between P1*⋅Q0 and P0⋅Q0, the smaller QP* becomes. Thus in order to
compute real consumption (using either the test or economic approaches to
index number theory), it is absolutely necessary to compute the Paasche
quantity index (or an approximation to it) in addition to the Laspeyres
quantity index, which misses the effect of higher reservation prices in period 1.
The Fisher quantity index will usually provide an adequate approximation to
the change in welfare due to the lockdown; see Diewert (1976, 2021a).
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sQ0 ≡ P0 �Q0=½p0 � q0 þ P0 �Q0�: (11)

Note that definition (9) for the Laspeyres index for the unavailable com-
modities, PLQ* ≡ P1∗⋅Q0/P0⋅Q0, depends on the vector of period 1 reservation
prices P1* for these products.11 Thus formula (6) for the true overall Paasche
quantity index, QP* = QPqsq

0PLq/[PLqsq
0 + PLQ

*sQ
0] would seem to be of only

theoretical interest. However, it is possible to provide some very rough esti-
mates for P1*.

Suppose that the Laspeyres inflation for unavailable products was equal to
Laspeyres inflation for the continuing products; i.e., suppose that P1*⋅Q0/
P0⋅Q0 = p1⋅q0/p0⋅q0. This means that the reservation prices P1* are such that:

PLQ* ¼ PLq: (12)

Assumption (12) sets Laspeyres type inflation PLQ* for the unavailable
goods and services equal to the actual Laspeyres inflation for the always avail-
able products PLq. This is consistent with a form of inflation adjusted carry
forward pricing for unavailable products, i.e., if we set P1* = PLqP

0 = (p1⋅q0/
p0⋅q0)P0, then assumption (12) will be satisfied.12 Under this assumption,
define the corresponding overall Approximate Paasche quantity index, QP

A,
as follows:13

QP
A ≡ QPqsq

0PLq= PLqsq0 þ PLqsQ0
� �

using definition 6ð Þ and assumption 12ð Þ
¼ QPqsq

0

> QPqsq
0PLq= PLqsq0 þ P∗

LQsQ
0

h i
if PLQ* > PLq

¼ QP*,
(13)

given the period 0 expenditure shares sum to 1, i.e., we have sq
0 + sQ

0 = 1.

11 The fact that the true Laspeyres price index, PLQ*, for unavailable
commodities has an asterisk superscript is meant to alert the reader that the
index depends on the reservation prices for the unavailable products, which are
not directly observable. Because the true overall Paasche quantity index, QP*,
depends on PLQ*, we have added an asterisk superscript to QP as well.

12 From technical appendix B, it can be seen that in general, these inflation
adjusted carry forward reservation prices, PLqP

0, will be too low from the
perspective of the economic approach to index number theory.

13 The superscript A was added to QP to indicate that the resulting overall
Paasche quantity index is only an approximation to the true Paasche quantity
index, QP. However, QP

A does not depend on the unobservable reservation
prices P1* and so QP

A is a practical approximation to QP.
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The relationships in (13) show that the practical approximation to the true
Paasche quantity index defined by QP

A is equal to the Paasche quantity index
for continuing commodities, QPq, times the expenditure share of continuing
commodities in the base period sq

0. The implication of the inequality in (13) is
that the practical Paasche index QP

A has an upward bias relative to the true
Paasche quantity index QP* provided that the true Laspeyres price index for
unavailable commodities PLQ* is greater than the Laspeyres price index for
continuing commodities PLq.

14 For many countries experiencing massive shut-
downs of various industries, it is almost certain that PLQ* is very much bigger
than PLq so that the upward bias in QP

A relative to QP is likely to be very
large indeed.

Note the similarity of expressions (3) and (13) for the Laspeyres and
approximate Paasche quantity indexes. Under assumption (12), we obtain
the following simple formula for the Approximate Fisher quantity index,
QF

A:

QF
A ≡ QLQ

A
P

� �1=2

¼ QLqsq
0QPqsq

0
� �1=2 using 13ð Þ

¼ s 0
q QLqQPq

� �1=2
¼ s 0

q QFq;

(14)

where QFq ≡ [QLqQPq]
1/2 is the Fisher quantity index defined over only

available commodities where QLq is defined by (4) and QPq is defined by
(7). Thus under assumption (12), real consumption going from period 0 to 1
can be measured by the Fisher quantity index QFq defined over only always
available commodities times the expenditure share on always available com-
modities in period 0.15

However, as indicated above, it is very likely that the reservation prices
P1* are very much higher than their period 0 counterpart prices P0 and
hence the implicit inflation for the unavailable commodities will likely be
much greater than the observed inflation in the always available commodi-
ties. As was the case for the inequality in (13), we make the following
assumption:

PLQ* > PLq: (15)

14 Alternatively, QP
A > QP* if the true reservation prices P1* > PLqP

0, where
PLqP

0 = (p1q0/p0q0)P0 are the inflation adjusted carry forward prices for
unavailable commodities in period 1.

15 This result is similar to the inflation adjusted carry forward price methodology
explained in Triplett (2004), de Haan and Krsinich (2012, 2014) and Diewert
et al. (2017).
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Using assumption (15) and the inequality in (13) (QP
A > QP*), we see that

the true overall Paasche quantity index, QP*, (which may be difficult to accu-
rately calculate due to a lack of information on the reservation prices of the
unavailable products P1*) will be less than the share adjusted Paasche quan-
tity index calculated using only the always available commodities, QPqsq

0

(which can be calculated). Thus under the reasonable assumption (15), we
have the following relationships between the true overall Laspeyres, Paasche
and Fisher measures of real consumption, QL, QP* and QF* ≡ [QLQP*]

1/2,
and their counterpart subindexes that use only information on the prices and
quantities of available products, QLq, QPq and QFq:

QL ¼ QLqsq
0, (16)

Q∗
P < QPqsq

0, (17)

Q∗
F < QFqsq

0: (18)

Thus, if assumption (15) holds, the true overall Paasche and Fisher quan-
tity indexes, QP* and QF*, will be less than their share adjusted counterpart
indexes, QPqsq

0 and QFqsq
0, which do not require information on reservation

prices. The size of the gaps in the inequalities (17) and (18) will grow as the
size of the gap in the inequality (15) grows.16 It is very likely that the gaps in
the inequalities (15), (17) and (18) are substantial for many countries that
have implemented significant lockdowns of economic activity.17

At the time of writing, it has become clear that the COVID-19 virus has
changed the preferences of many households. Households are reluctant to shop
for goods and services in person and they are reluctant to offer labour services
at unsafe workplaces. This fact affects the above analysis in at least two ways:

• Government-mandated shutdowns of many industries are only part of the
lockdown story; many business establishments will shut down due to
safety concerns for both their customers and workers. Thus, the lockdown
effects on output and consumption are bigger than just government man-
dated shutdowns of business and household activities. The products that
correspond to the vector Q include not only products that have
disappeared due to government orders but also products that households
no longer wish to purchase due to safety concerns.

• The reservation prices that appear in the above algebra (and in appendix
B) are reservation prices based on the preferences that prevailed before
the lockdowns took place. For the post-lockdown preferences, the

16 Of course, the size of the gap in (17) will always be larger than the size of the
gap in (18).

17 See technical appendix B for some rough and ready methodology that will
enable the reader to form an approximation to the gap in (18).
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reservation prices for the products in the Q vector are essentially infinite.
Basically, changing preferences mean that a new CPI series along with a
new real consumption series needs to be constructed for the lockdown
period.18

Once the economy has stabilized under lockdown conditions, it is appropri-
ate to use chained Fisher indexes using only commodities that are available
under shutdown conditions; see section 6 of Diewert and Fox (2020) for more
detail on this recommendation. If the degree of shutdown increases from
month to month, the analysis in the present section can again be applied to
the smaller set of available commodities as we go from month to month. How-
ever, when the lockdown ends in period τ > 1, instead of linking period τ to
period τ − 1, linking period τ to period 0 will minimize any potential chain
drift problems. The basic idea here is that the quantity vector [qτ, Qτ] is likely
to be more similar to [q0, Q0] than to the quantity vectors that pertain to the
intervening lockdown periods.

3. Constructing a cost of living index when transitioning to a
lockdown economy

The true overall Paasche price index, PP, is defined as follows:19

PP ≡ ½p1 � q1 þ P1∗ �Q1�=p0 � q1 þ P0 �Q1�
¼p1 � q1=p0 � q using assumption 1ð Þ, Q1 ¼ 0N
≡PPq;

(19)

where PPq is the Paasche price index that uses only the price and quantity
data pertaining to the always available products in the two periods being
compared. The above equality tells us that the restricted domain Paasche

18 Suppose household preferences in the pre-lockdown period can be represented by
the utility function, F(f1(q),f2(Q)), where all three functions are increasing,
linearly homogeneous and concave functions. Then using pre-lockdown
preferences, real consumption growth going from period 0 to 1 is equal to F(f1(q1),
f2(0N))/F(f

1(q0),f2(Q0)). Post-lockdown preferences set Q = 0N, and using these
preferences, real consumption growth going from period 0 to 1 can be set equal to
F(f1(q1),f2(0N))/F(f

1(q0),f2(0N)) or, more simply, to f1(q1)/f1(q0). Thus these two
real consumption series going from period 0 to 1 are not really comparable. If
period t is a lockdown period, then real consumption growth relative to period 0
can be represented by f1(qt)/f1(q0). If a subsequent period τ is a “back to normal”
period, then we can measure consumption growth relative to period 0 using period
0 preferences as F(f1(qτ),f2(Qτ))/F(f1(q0),f2(Q0)).

19 Note that the true Paasche index PP does not depend on the vector of period 1
reservation prices P1*. Thus PP is likely to be very much lower than the true
Laspeyres index, PL*, to be defined shortly.
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price index, PPq, is equal to the true overall Paasche price index, PP. Thus
the overall Paasche price index can be constructed without the use of
imputed price data for period 1 prices, P1*.

The overall true Laspeyres price index, PL*, is defined as follows:20

P ∗
L ≡ ½p1 �q0þP1∗ �Q0�=½p0 �q0þP0 �Q0�

¼ ½ðp1 �q0=p0 �q0Þp0 �q0þ ðP1∗ �Q0=P0 �Q0ÞP0 �Q0�=½p0 �q0þP0 �Q0�
¼ PLqsq0þPLQ∗sQ0

¼ PLqfsq0þ ½ðP1∗ �Q0=P0 �Q0Þ=ðp1 �q0=p0 �q0Þ�sQ0g,

(20)

where the period 0 expenditure shares, sq
0 and sQ

0, were defined by (10) and
(11), the Laspeyres price index for continuing products, PLq, was defined by
(8) and the Laspeyres price index for unavailable products, PLQ*, was
defined by (9).21 The problem with definition (20) is that the vector of
period 1 reservation prices, P1*, is not directly observable, and, hence, the
overall Laspeyres index, PL*, and the “true” Laspeyres index for unavailable
commodities in period 1, PLQ*, cannot be readily calculated.

When a commodity is temporarily out of stock in a retail outlet, many sta-
tistical agencies simply carry forward the observed (unit value) price for the
product from the previous period and use this carry forward price in place of
the Hicksian reservation prices that were used above in our index number cal-
culations. Thus define the overall Laspeyres price index PL

C using (inflation
unadjusted) carry forward prices, P0, in place of the reservation prices, P1*, as
follows:

P C
L ≡ ½p1 � q0 þ P0 �Q0�=½p0 � q0 þ P0 �Q0�

¼ ½ðp1 � q0=p0 � q0Þp0 � q0 þ P0 �Q0�=½p0 � q0 þ P0 �Q0�
¼ PLqsq0 þ sQ0,

(21)

where the period 0 expenditure shares, sq
0, and sQ

0, were defined by (10)
and (11) and the Laspeyres price index for continuing products, PLq, was
defined by (8).

Using expressions (20) and (21), it can be seen that the following inequality
holds between the simple unadjusted carry forward Laspeyres index, PL

C, and
the true Laspeyres index, PL*:

P ∗
L > P C

L if and only if P ∗
LQ > 1: (22)

20 Again we add a superscript asterisk to PL to indicate that the true overall
Laspeyres price index requires a knowledge of the period 1 reservation prices for
unavailable commodities, P1*.

21 Compare (20) with the simpler expression defined by (B35) in technical
appendix B.
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As in the previous section, it is reasonable to assume that reservation
prices P1* are considerably larger than prices P0 that prevailed prior to lock-
down conditions. Hence we can safely assume that the true Laspeyres
subindex for unavailable commodities, PLQ

* ≡ P1*⋅Q0/P0⋅Q0, is greater than
1 and thus PL

C will have a substantial downward bias compared to the true
Laspeyres price index PL* that uses reservation prices.

Following Triplett (2004) and many other authors,22 statistical offices
often multiply the prior period prices that are not available in the present per-
iod by the price inflation of related commodities. We will use either the
Laspeyres or Paasche price index for continuing commodities to do this index-
ation and compare the resulting overall Laspeyres price indexes to PL

C.
Define the inflation adjusted carry forward prices P1L using the Laspeyres

price index for continuing commodities, PLq, as the inflation adjusting index
as follows:

P1L ≡ PLqP0 ¼ ðp1 � q0=p0 � q0ÞP0: (23)

Define the Laspeyres index using the inflation adjusted carry forward
prices, P1L, in place of the true prices, P1*, as PL

CL:

PL
CL ≡ ½p1 � q0 þ P1L �Q0�=½p0 � q0 þ P0 �Q0�

¼ ½p1 � q0 þ ðp1 � q0=p0 � q0ÞP0 �Q0�=½p0 � q0 þ P0 �Q0�using 23ð Þ
¼ ðp1 � q0=p0 � q0Þ sq0 þ sQ0

� �
using definitions 10ð Þ and 11ð Þ

¼ PLq sq0 þ sQ0
� �

using definitions 8ð Þ and 9ð Þ
¼ PLq:

(24)

Thus the use of PLq as the indexing index in our inflation adjusted carry
forward prices leads to a Laspeyres type index, PL

CL, that turns out to equal
PLq, the Laspeyres price index for continuing goods and services. This is a use-
ful result since PLq is a “real” index with no imputations, whereas PL

CL is con-
structed using a great many imputations if N is large. Note that both PL

C and
PL

CL can be constructed using only knowledge of p0, p1, P0, q0, q1 and Q0.
Comparing (21) with (24) leads to the following inequality:

PL
CL >PL

C if and only if PLq > 1: (25)

Instead of using the Laspeyres price index for continuing commodities, we
could use the Paasche index for continuing commodities as the indexing index
in the definition of the inflation adjusted carry forward prices for the unavail-
able commodities. Define the inflation adjusted carry forward prices, P1P,

22 See for example de Haan and Krsinich (2012, 2014), Diewert et al. (2017) or
Diewert (2021c). This approach is implicit in the use of equation (12) in the
previous section.
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using the Paasche price index for continuing commodities, PPq, as the inflation
adjusting index as follows:

P1P ≡ PPqP0 ¼ ðp1 � q1=p0 � q1ÞP0: (26)

Define the Laspeyres index using the inflation adjusted carry forward
prices, P1P, in place of the true prices, P1*, as PL

CP:

PL
CP ≡ ½p1 � q0 þ P1P �Q0�=½p0 � q0 þ P0 �Q0�

¼ ½p1 � q0 þ ðp1 � q1=p0 � q1ÞP0 �Q0�=½p0 � q0 þ P0 �Q0� using 26ð Þ
¼ ½ðp1 � q0=p0 � q0Þp0 � q0 þ ðp1 � q1=p0 � q1ÞP0 �Q0� n ½p0 � q0 þ P0 �Q0�
¼ ðp1 � q0=p0 � q0Þsq0 þ ðp1 � q1=p0 � q1ÞsQ0 using definitions 10ð Þ and 11ð Þ
¼ PLqsq0 þ PPqsQ0 using definitions 8ð Þ
< PL

CL if and only if PLq > PPq:

(27)

Thus, the use of PPq as the inflation index in our inflation adjusted carry
forward prices leads to a price index, PL

CP, that turns out to equal a share
weighted average of PLq and PPq, the Laspeyres and Paasche price indexes for
continuing goods and services. Because PPq is likely to be less than its
Laspeyres counterpart, PLq, it is likely that PL

CP will be less than PL
CL. Note

that the scope of PL
CL and PL

CP is the set of all M + N commodities and N
imputations are required to construct these indexes, whereas PLq and PPq are
“real” indexes with no imputations. A knowledge of q1 is required to construct
PL

CP whereas no knowledge of q1 was required to construct PL
CL.

Using (20) and (24), it is easy to show that PL* > PL
CL if and only if

PLQ* > PLq. Using (20) and (27), it is easy to show that PL* > PL
CP if and

only if PLQ* > PPq. The bottom line is that all three practical indexes that use
some form of carry forward pricing for missing products, PL

C, PL
CL and PL

CP,
will have substantial downward biases relative to the true Laspeyres index,
PL*.

It is still unclear whether a given country will in general have rising or fall-
ing prices for continuing products as lockdowns take place. Demand for avail-
able commodities may fall due to declining household incomes as industries
shut down and this may lead to lower prices for continuing products. On the
other hand, there may be supply shortages for some highly demanded con-
sumer products like toilet paper, face masks and hand sanitizers, which will
lead to higher prices for these products. Workers in supermarkets that are
open may demand higher wages to compensate them for increased risk of
infection, which will lead to higher grocery prices in general. Truckers will also
be subject to increased risk of infection and may get higher wages a result and
this will lead to higher prices for available products. Meat processing plants
may shut down due to virus spread, which again could lead to higher prices.
Also, there will be rapid growth of home deliveries for available products,
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which will lead to higher prices for products ordered online since transport
costs must be included for the home delivered goods. A shortage of delivery
trucks and drivers may drive up transportation costs. Border shutdowns may
restrict imports of food and medical products, again leading to higher prices
for continuing products.

Thus it will be important for statistical agencies to produce inflation esti-
mates for continuing commodities and this can be accomplished if the agency
produces the Laspeyres index for continuing products, PLq. If the agency is
able to obtain approximate expenditure data for current period values for con-
tinuing products p1⋅q1, then it would be desirable to produce the Paasche
index for continuing product, PPq, as well so that the Fisher index for continu-
ing products, PFq = [PLqPPq]

1/2, could also be produced.

4. Constructing a Lowe index when transitioning to a
lockdown economy

The analysis in the previous section can be adapted to study the behaviour of
fixed basket Lowe price indexes when a country closes down industries. This
type of index is of interest because it is used in the construction of the CPI in
most countries.

Let qb ≡ [q1
b,...,qM

b] >> 0M and Qb ≡ [Q1
b, ..., QN

b] >> 0N be a vector of
“representative” commodities that households are purchasing in period 0 and
prior periods. That is, b denotes the period(s) for which the consumption bas-
ket is comprised of these representative commodities. The fixed basket Lowe
price index going from period 0 to 1, PB, is defined as follows:

PB
∗ ≡ ½p1 � qb þ P1∗ �Qb�=½p0 � qb þ P0 �Qb�
¼ ½ðp1 � qb=p0 � qbÞp0 � qb þ ðP1∗ �Qb=P0 �QbÞP0 �Qb�=½p0 � qb þ P0 �Qb�
¼ PBqsqb þ PBQ*sQb,

(28)

where the fixed basket subindexes for continuing commodities and unavail-
able commodities, PBq and PBQ are defined as follows:

PBq ≡ p1 � qb=p0 � qb, (29)

P ∗
BQ ≡ P1∗ �Qb=P0 �Qb: (30)

The base period hybrid shares (prices of period 0 but quantities for a prior
year b) for the continuing and disappearing commodity groups, sq

b and sQ
b,

are defined as follows:

sqb ≡ p0 � qb=½p0 � qb þ P0 �Qb� � (31)

sQb ≡ P0 �Qb=½p0 � qb þ P0 �Qb�: (32)
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In definitions (28) and (30), we have used reservation prices to value goods
and services that are no longer available. It makes sense to use reservation
prices to value unavailable products in the context of the economic approach
to index number theory but it is not clear that it is appropriate to use them to
value the fixed basket Qb of unavailable products in period 1. However, the
logic of the fixed basket approach works as follows: there is a representative
basket of commodities that households are consuming in periods prior to per-
iod 1, (qb, Qb). The fixed basket methodology simply prices out this basket of
goods and services at the prevailing market prices of periods 0 and 1 and the
ratio of these costs becomes the fixed basket price index. When goods and ser-
vices are unavailable in period 1, it is reasonable to use reservation prices for
these absent market prices since they are (imputed) market clearing prices
that will ration demand down to zero for the absent commodities in period 1.

As in the previous section, instead of using reservation prices, the prices
P1* could be set equal to the base period prices, giving rise to the following
carry forward basket price index, PB

C, defined as follows:

PB
C ≡ p1 � qb þ P0 �Qb� �

= p0 � qb þ P0 �Qb� �

¼ ðp1 � qb=p0 � qbÞp0 � qb þ ðP0 �Qb=P0 �QbÞP0 �Qb� �
= p0 � qb þ P0 �Qb� �

¼ PBqsqb þ sQb

< PBqsqb þ PBQ*sQb assuming that P∗
BQ ≡ P1∗ �Qb=P0 �Qb > 1

¼ PB* using definition 28ð Þ:
(33)

Hence the carry forward fixed basket index will have a downward bias if
P1*⋅Qb > P0⋅Qb, which is a reasonable assumption.

An alternative to using carry forward prices is to use the price index for
continuing commodities, PBq defined by (29) to form the inflation adjusted
fixed basket carry forward price vector P1I ≡ PBqP

0 = (p1⋅qb/p0⋅qb)P0 as an
estimate for P1*. This leads to the following inflation adjusted fixed basket
price index, PB

CI, defined as follows:

PB
CI ≡ ½p1 � qbþ P1I �Qb�=½p0 � qbþ P0 �Qb�

¼ ½p1 � qbþ PBqP0 �Qb�=½p0 � qbþ P0 �Qb�
¼ ½ðp1 � qb=p0 � qbÞp0 � qbþ PBqðP0 �Qb=P0 �QbÞP0 �Qb�=½p0 � qbþ P0 �Qb�
¼ PBqsqbþ PBqsQb

¼ PBq since sqbþ sQb ¼ 1

< PBqsqbþ PBQ*sQb assuming that PBQ*> PBq

¼ PB* usingdefinition 28ð Þ:
(34)
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Again, it is reasonable to assume that PBQ* > PBq, i.e., that (imputed)
inflation for unavailable commodities is greater than observed inflation for
continuing commodities. Thus the version of the fixed basket index that
makes use of inflation adjusted carry forward prices for the unavailable
commodities, PB

CI, will be less than the “true” fixed basket price index
PB*.

As was the case in the previous section, we could try to determine which
practical fixed basket price index, PB

C or PB
CI, is greater because bias will be

minimized if we choose the maximum of these two indexes. We have:

PB
C=PB

CI ¼ PBqsqb þ sQb
� �

=PBq using definitions 33ð Þ and 34ð Þ
¼ sqb þ sQb=PBq

� �
:

(35)

If PBq > 1, so that fixed basket inflation for continuing commodities is pos-
itive, then PB

CI > PB
C and it is preferable (from the viewpoint of minimizing

bias) to use the inflation adjusted carry forward fixed basket price index PB
CI.

On the other hand, if PBq < 1, so that there is deflation for continuing prod-
ucts, then it would be preferable to use the carry forward fixed basket price
index PB

C.
The above discussion of the fixed basket price indexes parallels our discus-

sion of the Laspeyres price index. In fact, if qb = q0 and Qb = Q0, then the
fixed basket Lowe index equals the Laspeyres index. However, in the previous
section, the analysis of the Laspeyres index was not the end of the story: in
the end, the Laspeyres index was combined with the Paasche index to form an
approximation to a cost of living index. In the present section, there is no
Paasche counterpart to the fixed basket index. A fixed basket index, like the
Laspeyres index has a certain amount of substitution bias. Normally, if con-
sumption patterns do not change much over time, a fixed basket index that
uses a representative basket will not be subject to a great deal of substitution
bias. However, in the present context, there are massive changes in the actual
consumption vectors as we move from a pre lockdown period to a post lock-
down period. And there are massive changes in the corresponding market
prices.23 Thus the amount of substitution bias in a Laspeyres (too high) or
Paasche (too low) or fixed basket index (too high) will also be very large
indeed under these conditions. When we take an average of the Paasche and
Laspeyres indexes to form a Fisher index, we greatly reduce the amount of
substitution bias.

In addition to being subject to substitution bias under normal conditions,
there is another problem with using a fixed basket price index during a pan-
demic. The public will regard a fixed basket price index as a “reasonable”
index, provided that the basket vectors, qb and Qb, are not too far removed
from “normal” consumption patterns. A fixed basket index is very easy to

23 We interpret Hicksian reservation prices for unavailable commodities as market
prices.
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explain and is perfectly reasonable under normal conditions. But a fixed basket
index is not intuitively plausible when a substantial fraction of the fixed basket
commodities are simply not available. In order to maintain public confidence
in the CPI, it will be necessary for statistical agencies to move to more repre-
sentative baskets that are relevant for lockdown conditions. This means that
the national statistical agency will need to find ways to update their historical
baskets more quickly—updated baskets in real time would be ideal.24

To explain how updated baskets could work in producing a reasonable CPI
for continuing goods and services, suppose the price and quantity data for per-
iod 0 are (p0, q0b) and (P0, Q0b), but for period 1, the data are (p1, q1b) and
(P1*, 0N). It is unlikely that national statistical agencies will be able to pro-
duce the reservation prices P1* and so we will concentrate on how to construct
a price index for continuing commodities. Note that we are assuming that a
new representative basket for continuing commodities in period 1, q1b, is avail-
able to the agency.25 Under these assumptions, the following pseudo Laspeyres
Paasche and Fisher price indexes, PBq0, PBq1 and PBqF, for continuing
commodities could be produced:

PBq0 ≡ p1 � q0b=p0 � q0b ¼ PBq, (36)

PBq1 ≡ p1 � q1b=p0 � q1b, (37)

PBqF ≡ PBq0PBq1
� �1=2; (38)

where PBq was defined by (29) and we have used the fact that q0b is equal
to our old qb. The logic for preferring the pseudo Fisher index over its
Laspeyres and Paasche counterparts is the usual one: PBq0 and PBq1 are
both fixed basket indexes that attempt to measure general inflation going
from period 0 to 1. Both indexes are equally plausible so good statistical
practice suggests that we take an average of the two to obtain a single point
estimate of overall inflation between the periods. If q0b is close to actual per-
iod 0 consumption of the continuing commodities, q0, then PBq0 will be a
good approximation to the Laspeyres index, PqL. If q

1b is close to actual per-
iod 1 consumption of the continuing commodities, q1, then PBq1 will be a

24 Quantity baskets of the form qb can be replaced by expenditure share
information (the vector of expenditure shares sb) for the same period provided
that price information for the same period, pb, is also available since qm

b will
be proportional to sm

b/pm
b for m = 1,...,M.

25 For some elementary index strata, the statistical agency may have scanner data
available. In this case, we set q0b = q0 and q1b = q1; i.e., there is no need to use
approximations to qt in this case. The actual consumption vector for a period is
the most representative consumption vector for that period. An elementary
index is simply an index constructed at the lowest level of aggregation; see
Diewert (2021b).
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good approximation to the Paasche index PqP. If both approximations are
good, then PBqF will be close to our preferred index, PqF.

If the scope of the lockdown does not change materially during the lock-
down, then the statistical agency could go back to using a fixed basket (equal
to q1b) for the duration of the lockdown. However, it is unlikely that countries
will keep the scope of their lockdowns constant. Thus the number of continu-
ing commodities that are present in two consecutive periods is unlikely to be
constant. In this case, constructing chained maximum overlap pseudo Fisher
indexes over the lockdown periods is preferable.26

If the lockdown ends at the beginning of period τ, then it will be necessary
to construct a new basket (qτb, Qτb) that is representative for period τ. Recall
that the basket for period 0 was (q0b,Q0b). In order to construct the period τ
price level, instead of comparing period τ prices to the prices of period τ − 1,
it is best to compare period τ prices, (pτ, Pτ), to the prices of period 0, (p0,P0).
This is because the overlap of products will be a large between the first period
of the end of the lockdown, τ, and the last period before the lockdown, 0.
There will be less overlap of products available in non-lockdown period τ with
products available during the lockdown periods.27 Thus it is preferable that
the following pseudo Laspeyres Paasche and Fisher price indexes, PB0, PBτ
and PB0τ, be produced:

PB0 ≡ ½pt � q0b þ Pt �Q0b�=½p0 � q0b þ P0 �Q0b� ; (39)

PBt ≡ pt � qtb þ Pt �Qtb� �
= p0 � qtb þ P0 �Qtb� �

, (40)

PB0t ≡ ½PB0PBt�1=2: (41)

Thus the price level in period τ will be set equal to the price level in
period 0 times the pseudo Fisher index, PBq0τ.

28 This index will approximate
the true Fisher index going from period 0 to period τ. However, the sequence
of price levels going from period 1 to period τ − 1 will not approximate eco-
nomic price indexes or cost of living indexes because the big increase in the
cost of living due to the lockdown in period 1 will not be reflected by the

26 There may be a chain drift problem at the lowest level of aggregation. In this
case, it may be necessary to use a multilateral index number. See Ivancic et al.
(2011), Diewert and Fox (2022) and Diewert (2021b) for discussions of the
chain drift problem and the use of multilateral methods. At higher levels of
aggregation, chain drift will typically not be a major problem.

27 Other forms of linking based on the similarity of the structure of prices and
quantities going from one period to another period. For an explanation of how
to implement these more sophisticated methods of linking observations over
time, see section 20 of Diewert (2021c).

28 Pseudo Fisher price indexes have been computed retrospectively; e.g., see
Diewert et al. (2009).
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movements in the above basket price indexes for periods 1 to τ − 1. In order
to accurately measure the cost of living for those periods, we need estimates
for the period 1 reservation prices P1*.

5. Conclusion

The current pandemic conditions have never been experienced since the estab-
lishment of modern economic statistics, hence responses to ensure the contin-
ued production of high quality economic statistics on key variables in these
conditions have not previously been rigorously laid out.

The current recommended approaches for dealing with products disappear-
ing due to lockdowns or consumers stockpiling draw on the standard response
to disappearing products in any period. That is, the advice is essentially to
continue with current practice as if nothing has happened, using imputed
prices for missing goods and expenditure weights from a pre-lockdown period.
For example, Eurostat advice for construction of the Harmonized Index of
Consumer Prices (HICP) includes the following:29

1. “The HICP weights are updated at the beginning of each year and are
kept constant throughout the year. Thus, the weights will not change this
year as a result of the impact of the COVID-19 on expenditures.”

2. All sub-indices for the product classifications “will be compiled even when
for some categories no products are available on the market.”

We have demonstrated that following the advice on price imputations will
lead to overstated estimates of changes in real consumption and understated
estimates of changes in the cost of living. We have pointed out the problems
of using expenditure weights that are irrelevant for the periods under consid-
eration.30 Steps that can be taken by national statistical offices to mitigate
these problems during a time of lockdown are:

1. Collection of all available prices, including from non-traditional sources.
Use inflation adjusted carry forward prices in the case of missing prices;
while we favour using reservation prices, we acknowledge that currently it
is unlikely that NSOs will be able to estimate these in a timely fashion.

29 The HICP is the European Union’s standardized measure of consumer price
inflation that each member country must construct. See technical appendix C
for an extended quote of the advice, along with information on the
recommendations from the International Monetary Fund, UNECE and US
Bureau of Labor Statistics.

30 See Diewert and Fox (2020) for consideration of a range of other difficult
measurement problems that arise.
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2. Dedicate resources to the collection of current expenditure weights for the
consumption basket.

3. Produce an analytical CPI that can be revised as new methodology is
developed and new data sources become available.31

As a general longer-term goal, statistical agencies need to move away from
a fixed basket Lowe index and attempt to produce approximations to
Laspeyres and Paasche indexes, and hence Fisher indexes. This will allow con-
sumer price inflation to be measured by an index that is relevant to current
consumer expenditure patterns.32

It is unlikely that expenditure patterns will return to those observed before
the first lockdown period, making it doubtful that inflation adjusted carry for-
ward pricing will produce an accurate index when the lockdown period ends.
But what is clear is that the use of adjusted carry forward prices will not pro-
duce an accurate CPI within the lockdown period. New basket information is
required in order to produce a meaningful CPI within the lockdown period.
Thus establishing a continuous consumer expenditure survey is key to produc-
ing a meaningful CPI during these turbulent times.
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Supplementary material accompanies this article.
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